Introduction
Idiopathic pulmonary fibrosis (IPF) is a chronic progressive fibrotic interstitial lung disease (ILD) of unknown etiology. 1 IPF has an estimated prevalence of 14-43 per 100,000 2 and is the most common idiopathic interstitial pneumonia. The incidence of IPF appears to be increasing over time, even when accounting for an aging population and increased use of chest imaging. 3, 4 Major risk factors for IPF include older age and a history of smoking, which predispose to several pulmonary and extra-pulmonary diseases. IPF can be associated with additional comorbidities through other mechanisms as either a cause or a consequence of these diseases. These comorbidities have a significant impact in IPF given their additional physiologic and symptomatic effect on a background of underlying pulmonary fibrosis. The prevalence and importance of these comorbidities will likely be further increased by possible prolongation of survival in IPF by new antifibrotic medications. 5 The objective of this review is to describe the management of common comorbidities in IPF. We review the available literature for several pulmonary and extra-pulmonary comorbidities, and make management recommendations based on available evidence where possible.
Pulmonary comorbidities emphysema
Emphysema frequently coexists with IPF as "combined pulmonary fibrosis and emphysema" (CPFE), a clinical syndrome that is characterized by upper lobe emphysema and lower lobe fibrosis. Up to 50% of patients with IPF have radiological evidence of emphysema; 6 however, only 10% of IPF patients have a clinically significant amount of emphysema (eg, $10% of lung volume). 7 Patients with CPFE are often male former smokers with a diffusing capacity of the lung for carbon monoxide (DLCO) that is disproportionately reduced compared to relatively preserved flow rates and lung volumes. 7, [8] [9] [10] [11] [12] [13] [14] CPFE is frequently associated with pulmonary hypertension and lung cancer in patients with IPF. 7, 15, 16 The prognosis of CPFE is primarily determined by the severity of fibrosis, and is similar to that for patients with IPF alone. 7 Emphysema can be present in other fibrotic ILDs, 14, [17] [18] [19] [20] [21] but is typically less common and less severe than in IPF. Studies evaluating CPFE have used multiple definitions for CPFE, differing with regards to both how emphysema is quantified on computed tomography (CT) and how much emphysema must be present before a patient is considered to have both conditions. These different definitions of CPFE may account for the variability in prevalence, clinical features, and prognosis reported in these cohorts.
Patients with CPFE have been excluded from major clinical trials of both individual entities, and its treatment is therefore extrapolated from studies of these isolated diseases. Management of emphysema in IPF should typically include smoking cessation, pneumococcal and influenza vaccination, pulmonary rehabilitation, supplemental oxygen for hypoxemia, and consideration of lung transplantation. Bronchodilators are frequently prescribed in CPFE; however, it is unclear whether these are only beneficial in CPFE patients that have significant airflow limitation (ie, reduced forced expiratory volume in 1 second/forced vital capacity [FVC] ratio). The role of inhaled corticosteroids is uncertain given the increased risk of pneumonia associated with inhaled corticosteroids in chronic obstructive pulmonary disease (COPD), 22 and the potential for pulmonary infection to trigger an acute exacerbation of IPF. Acute exacerbations of both COPD and IPF are frequently treated with systemic corticosteroids and antibiotics that target common community-acquired organisms, and these treatments are also reasonable in acute exacerbation of CPFE despite the absence of direct evidence. Systemic corticosteroids should be tapered quickly following an acute exacerbation, given the harm associated with chronic immunosuppression in stable IPF. 23 Additional studies are required to determine the impact of both standard COPD and IPF treatments in patients with an overlap of these conditions.
Lung cancer
The risk of developing lung cancer is approximately seventimes higher in patients with IPF compared to a control population. 24 This increased risk persists even with adjustment for age, sex, and smoking history, suggesting that the IPF lung is specifically predisposed to developing malignancy. Lung cancer often presents with nonspecific symptoms in IPF; however, hemoptysis, weight loss, and other constitutional symptoms should prompt further evaluation. The presence of lung cancer shortens survival by approximately 2 years in patients with IPF. 25 The nonspecific symptoms and high mortality of lung cancer in IPF suggest a possible role for lung cancer screening in high-risk patients. The National Lung Screening Trial showed that annual low-dose CT reduced overall mortality by 6.7% in adults 55-74 years old with at least a 30-pack-year smoking history, 26 and such screening has since been recommended for this population. 27 IPF reduces life expectancy and can prohibit potentially curative lung cancer therapy, and it is therefore unclear whether patients with IPF experience similar benefits to those observed in the National Lung Screening Trial. Screening for lung cancer may still be appropriate in IPF if identification of malignancy would alter management, including decisions to proceed with lung transplant or initiate palliative therapies.
IPF patients diagnosed with lung cancer are frequently not candidates for curative therapy given the low functional capacity in this population and decreased ability to tolerate cancer therapies. Management of lung cancer in IPF should therefore be approached on a case-by-case basis, balancing the likelihood of cure or effective palliation against the potential for treatment complications, and considering the overall poor prognosis of IPF. Patients with pulmonary fibrosis are at high risk of mortality following lung cancer resection. 28 This increased risk is frequently secondary to acute exacerbation of IPF, which occurs in 5%-15% of IPF patients following thoracic surgical procedures and has a subsequent short-term mortality of approximately 50%. [29] [30] [31] [32] [33] Radiation and chemotherapy can also precipitate acute exacerbation of IPF, with a similar poor prognosis. [34] [35] [36] It is unknown whether acute exacerbation will be less common with improved ventilation strategies and surgical techniques, 
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Managing comorbidities in IPF new chemotherapeutic agents, and lung-sparing stereotactic ablative radiotherapy.
Pulmonary hypertension
Pulmonary hypertension is present in approximately 50% of patients with IPF at the time of referral for lung transplantation. [37] [38] [39] [40] [41] Pulmonary hypertension in IPF is likely due to multiple factors, including vasoconstriction induced by chronic hypoxia and the destruction of capillary beds by progressive fibrosis. Some IPF patients have pulmonary hypertension that appears disproportionate to fibrosis severity, 37, 38 suggesting additional mechanisms may be involved in a minority of patients.
Pulmonary hypertension can be difficult to identify in IPF, [42] [43] [44] but should be suspected in patients with dyspnea that is disproportionate to fibrosis severity; in patients with clinical findings of right heart dysfunction; and in patients with a reduced DLCO that is out of proportion to the reduction in FVC. 38, 40, 45, 46 Additional suggestive features include exercise limitation or desaturation that is disproportionate to fibrosis severity [47] [48] [49] as well as markers of cardiac dysfunction (eg, abnormal heart rate recovery following exercise, B-type natriuretic peptide). 40, 48, 50, 51 IPF patients with suspected pulmonary hypertension typically undergo screening with a transthoracic echocardiogram; however, the poor accuracy of echocardiographic findings in ILD indicates that right heart catheterization is necessary to confirm pulmonary hypertension. Right heart catheterization may still be appropriate in patients with a high pretest likelihood of pulmonary hypertension even if echocardiography is reassuring. 52 Once identified, it is necessary to exclude other causes of pulmonary hypertension that may respond to specific treatment (eg, obstructive sleep apnea [OSA] , left heart disease, venous thromboembolism).
Pulmonary hypertension is associated with increased mortality in IPF, 15, [40] [41] [42] 49, [53] [54] [55] [56] [57] [58] [59] suggesting potential benefit of pulmonary vasodilators in these patients. Despite this rationale, multiple studies have demonstrated that endothelin receptor antagonists have no benefit in IPF, [60] [61] [62] [63] even when administered to patients with confirmed pulmonary hypertension. 60, 64 Sildenafil, a phosphodiesterase type 5 inhibitor, was compared to placebo in 180 patients with advanced IPF. 65 This trial did not meet its primary endpoint (6-minute walk distance improvement of $20%); however, sildenafil improved dyspnea, oxygenation, DLCO, and quality of life, with borderline impact on survival in the extension phase of this study. Additional post hoc analyses have suggested greater benefit in patients with echocardiographic evidence of right heart dysfunction. 66 These findings indicate that further research is required to determine whether there is a role for sildenafil in IPF patients that have more definitive evidence of pulmonary hypertension.
venous thromboembolism
Patients with IPF are at increased risk for venous thromboembolism due to decreased mobility causing venous stasis, 67 as well as possible involvement of the coagulation cascade in IPF pathogenesis. 68, 69 IPF patients with pulmonary embolism are at increased risk of death. 70 Venous thromboembolism contributed to 1.74% of all IPF deaths based on a review of death certificates in the United States between 1988 and 2007. 70 This rate was 34% higher than in the general population, and approximately 50% higher than in patients with COPD and lung cancer. Venous thromboembolism is similarly linked with IPF in multiple European cohorts. [71] [72] [73] Venous thromboembolism can be challenging to identify in patients with IPF given its nonspecific presentation in patients with chronic and progressive lung disease. Pulmonary embolism is of particular concern in patients with acute exacerbation of IPF, typically prompting evaluation with contrast CT in patients with acute or subacute respiratory worsening. Conversely, contrast CT may identify subsegmental filling defects that are of uncertain significance in patients with severe fibrosis, and careful consideration of the clinical context is required before committing a patient to long-term anticoagulant therapy.
An early randomized trial suggested that warfarin improved overall survival of IPF by lowering the risk of death in patients experiencing an acute exacerbation. 74 Criticisms of this study prompted the ACE-IPF study, 75 which was a double-blind placebo-controlled trial of warfarin in patients with progressive IPF who had no other indication for anticoagulation. 76 ACE-IPF showed that warfarin increased mortality in progressive IPF and that there were no significant benefits of therapy. The harmful effects of warfarin in IPF make it unclear which anticoagulant should be used for treatment of venous thromboembolism in IPF and how long anticoagulation is appropriate in patients with transient risk factors. IPF patients with venous thromboembolism are typically managed in a similar manner to patients without IPF.
Sleep-disordered breathing
Reduced sleep quality is present in most patients with IPF and is an important predictor of quality of life. 77, 78 The majority of IPF patients have an apnea hypopnea index of more than five events per hour, [79] [80] [81] and up to 65% of IPF patients have an apnea hypopnea index of .15 that is consistent with moderate or severe OSA. 79 OSA is more common in IPF than in other fibrotic ILD subtypes, 82 and its severity correlates with extent of fibrosis. 80, 82 OSA is associated with repetitive injury to the alveolar epithelium 83 and has been proposed as a potential cause of IPF. 84 Improved quality of life and sleep quality have been demonstrated in small nonrandomized studies of IPF patients with OSA who are compliant with continuous positive airway pressure (CPAP) treatment. 79, 85 Similar benefits were observed in the subgroup of patients without daytime sleepiness prior to initiation of CPAP. 79 It may therefore be appropriate to screen all IPF patients for sleep-disordered breathing given the high prevalence of OSA in IPF;
79 the poor sensitivity of clinical features and screening tools such as the Epworth sleepiness scale; 81 and the benefit of CPAP in asymptomatic patients. 79 In regions with limited access to polysomnography, it is likely reasonable to screen for OSA with overnight oximetry, initiate CPAP in patients with suggestive findings, and subsequently confirm benefit through repeat overnight oximetry while on treatment. 86 Patients with unclear overnight oximetry or a poor response to treatment require a more thorough assessment with polysomnography. Additional studies are required to determine the optimal screening method for sleep-disordered breathing in IPF, and to clarify the potential benefit of therapy in this population.
Extra-pulmonary comorbidities

Gastroesophageal reflux disease
Gastroesophageal reflux is more common in IPF than in the general population, 87, 88 and markers of aspiration are elevated in bronchoalveolar lavage fluid from IPF patients compared to controls. 88, 89 Approximately one-third of patients with IPF have a hiatal hernia, 90 50% have symptoms of reflux, [91] [92] [93] and up to 90% have an abnormal esophageal pH study. 91, 92 Some authors have hypothesized that microaspiration could be a cause of both IPF and acute exacerbation of IPF, [94] [95] [96] suggesting that prevention of microaspiration could have an important role in the management of IPF. Retrospective studies show that use of antiacid medication is associated with improved survival and slower disease progression in patients with IPF. 93, 97 Despite the absence of evidence from randomized controlled trials, antiacid therapy is recommended in recent guidelines for most IPF patients based on this potential benefit and the favorable side effect profile of antiacid medications. 98 Prior fundoplication is also associated with improved survival in IPF, 93 and its role will be clarified by the WRAP-IPF study (NLM identifier: NCT01982968).
This multicenter randomized controlled trial will determine whether laparoscopic fundoplication surgery is superior to antiacid medication at slowing the decline of FVC in IPF patients with objectively quantified acid reflux on 24-hour pH monitoring. In the absence of direct data, it is reasonable to offer acid suppression medication to most IPF patients, reserving fundoplication for patients with uncontrolled symptoms and objective evidence of severe acid reflux.
Coronary artery disease
Patients with IPF are at least twice as likely to have coronary artery disease compared to control populations, even after adjusting for potential coronary risk factors. 73, [99] [100] [101] [102] The majority of IPF patients have evidence of coronary atherosclerosis on chest CT or left heart catheterization, 103 and significant coronary artery disease is present in up to 30% of all IPF patients. [103] [104] [105] The presence of coronary artery disease is associated with increased mortality in IPF, 103, 105 and accounted for 10% of all deaths in a recent multicenter randomized controlled trial of pirfenidone in patients with mild to moderate IPF. 106 The high morbidity and mortality of IPF limit the potential benefits of treating coronary artery disease, while risks of invasive therapies are likely higher in IPF due to worse functional capacity and respiratory status. It is therefore unknown whether IPF patients with suspected coronary artery disease should be screened and treated similarly to non-IPF patients. IPF patients should likely be evaluated for coronary artery disease if there are suggestive symptoms or CT evidence of significant atherosclerosis, particularly in the context of planned elective surgery or lung biopsy. Coronary artery calcification on chest CT has a sensitivity and specificity for left heart catheterization-confirmed disease of 81% and 85%, respectively, 104 suggesting a potential role of chest CT as a screening tool in at-risk patients. Standard medical therapies of coronary artery disease are likely appropriate in most IPF patients with confirmed disease; however, coronary artery stenting with drug-eluting stents may not be appropriate in some IPF patients considering that the consequent use of irreversible antiplatelet agents can complicate or potentially delay lung transplantation. Additional studies are required to determine the optimal method of screening for coronary artery disease in IPF, and whether there are specific management considerations that should apply to these patients.
Depression and anxiety
Clinically signif icant symptoms of depression and anxiety are present in up to 50% and 30% of IPF 
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Managing comorbidities in IPF patients, respectively. 77, 107, 108 Depression and anxiety are associated with dyspnea and other measures of fibrosis severity, 77, [107] [108] [109] and depression is also an important predictor of quality of life in ILD. 109, 110 Depressive symptoms are frequently persistent in ILD patients, 111 suggesting that they are not related to an adjustment disorder that occurs only at the time of ILD diagnosis.
The high prevalence of depression and anxiety in IPF suggests that patients should be routinely questioned regarding these symptoms; however, treatments for depression and anxiety have not been studied in IPF, and most supportive evidence is extrapolated from other populations. Cognitive behavioral therapy is effective at reducing symptoms of depression and anxiety in patients with COPD. 112, 113 Antidepressant medications improve depression in patients with chronic physical illness, with similar benefits observed in small studies of patients with COPD. 114 A recent Cochrane review highlighted the need for additional study of pharmacologic treatment of anxiety in COPD. 115 The strong association of depression and anxiety with IPF symptom severity also suggests that depression and anxiety may improve with treatment of IPF itself, through interventions such as antifibrotic medication, supplemental oxygen, and pulmonary rehabilitation. 116 
Deconditioning
Deconditioning is defined as the loss of muscle strength and endurance due to physical inactivity. Deconditioning can exist for multiple reasons in patients with chronic lung disease, including exertional dyspnea that discourages activity and the presence of comorbidities that reduce activity through independent mechanisms. Reduced physical activity is common in IPF and COPD, 117, 118 and is an important predictor of mortality in healthy individuals and patients with chronic disease. 119 The primary treatment of deconditioning is exercise training, which is most commonly delivered to IPF patients through structured pulmonary rehabilitation programs. Several studies have demonstrated that pulmonary rehabilitation improves physical activity and 6-minute walk distance.
116,120-123 Pulmonary rehabilitation does not improve ventilatory restriction, 121 and the benefits of rehabilitation are therefore primarily due to its impact on deconditioning. Future studies are needed to determine the optimal duration and format of pulmonary rehabilitation for patients with IPF and other fibrotic ILDs.
Discussion
Most patients with IPF die of progressive respiratory disease; 106, 124 however, the importance of identifying and managing comorbidities in IPF will increase with the use of new antifibrotic medications that slow disease progression and possibly improve survival. A number of comorbidities are common in IPF, and their importance in IPF is magnified by their cumulative symptomatic and physiologic impact on a background of chronic lung disease. There are limited data on the management of comorbidities in patients with IPF and evidence is primarily extrapolated from COPD and other chronic lung diseases. This extrapolation is not appropriate in all patients, however, and an individualized approach to management is often necessary (Table 1) . For example, long-acting betaagonists and anticholinergics primarily exert their benefits in COPD through bronchodilation and improvement in airflow limitation. Patients with CPFE are typically not flow-limited, and these treatments may therefore have less benefit in CPFE than in COPD. Similarly, it is not clear whether warfarin is the most appropriate anticoagulant for IPF patients with venous thromboembolism, given the increased mortality observed in warfarin-treated patients in a recent randomized placebo-controlled trial of patients without a specific indication for anticoagulation. 76 Finally, coronary artery stenting has unique considerations for IPF patients awaiting lung transplant, given the subsequent use of irreversible antiplatelet agents with long half-lives. These examples highlight the issues with indiscriminately extrapolating findings from other populations to patients with IPF, and indicate the need for additional data on the management of comorbidities in IPF.
Comorbidities of IPF have been challenging to study for several reasons. First, IPF is a rare disease itself and each comorbidity typically affects only a fraction of these patients. Second, there is no standard approach for the definition or diagnosis of comorbid diseases in IPF. For example, studies evaluating CPFE have applied varying definitions for CPFE, differing with regards to both how radiological emphysema is quantified and how much emphysema must be present before a patient is considered to have both conditions. These inconsistencies have resulted in variable estimates of CPFE prevalence and uncertainty regarding its prognostic significance. Third, the presence of IPF can impact diagnostic accuracy. For example, the physiology of IPF impairs identification of airflow limitation that typically suggests concurrent emphysema. These challenges indicate the importance of standardized definitions and reporting structures that will facilitate the multicenter studies that are needed to study these rare populations. Such standardization would be best accomplished with the creation of prospective 
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Fulton and Ryerson multicenter registries that include prespecified definitions and reproducible diagnostic criteria for common comorbid diseases.
The concept of frailty may be useful in IPF given the simultaneous occurrence of multiple comorbidities in many patients. Frailty is defined as the cumulative impact of multiple conditions that reduce the ability of an individual to tolerate further biological stress. For example, a frail IPF patient (ie, a patient with multiple comorbidities and significant functional limitation) may be more susceptible to and intolerant of adverse effects of antifibrotic pharmacotherapy. This increased risk could prompt use of a lower medication dose or closer monitoring for significant adverse effects. Future studies are required to determine whether frailty can improve prognostication in IPF, identify patients that require additional supportive care, and risk-stratify patients who are less likely to tolerate invasive diagnostic procedures or potentially toxic pharmacotherapies. • Antiacid medication is recommended for most patients with IPF, including those without symptoms of reflux
Coronary artery disease
• Coronary artery calcification on CT may be useful as a screening tool
• Similar medication approach to non-IPF patients • Caution with coronary artery stenting and commitment to irreversible antiplatelet agents in candidates for lung transplantation
Depression and anxiety
• Depression is more common in patients with dyspnea and severe fibrosis • Screen all patients for symptoms of depression and anxiety
• Consider cognitive behavioral therapy, antidepressants, and antianxiety treatments in patients with significant and persistent symptoms • Possible benefit of pulmonary rehabilitation
Deconditioning
• Screen all patients for reduced physical activity levels and deconditioning
• Consider pulmonary rehabilitation in IPF patients with exertional dyspnea or functional limitation
Abbreviations: COPD, chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure; CPFE, combined pulmonary fibrosis and emphysema; CT, computed tomography; DLCO, diffusing capacity of the lung for carbon monoxide; GERD, gastroesophageal reflux disease; IPF, idiopathic pulmonary fibrosis; OSA, obstructive sleep apnea.
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Conclusion
Patients with IPF are at increased risk of several comorbidities. Recent studies have provided some guidance for the management of these diseases in IPF; however, most treatment recommendations are still extrapolated from studies of non-IPF patients. Additional prospective multicenter studies are required to determine the clinical features of these comorbidities in patients with IPF and to evaluate conventional treatments and management strategies that are beneficial in non-IPF populations.
